for a vast number of subjects to predict the correction of scoliosis curve before orthotic treatment. Moreover, it is recommended that this method and the outputs can be compared with clinical findings.
Introduction
Scoliosis is defined as lateral curvature of spine, which is associated with rotational deformity [1] [2] [3] [4] . The incidence of this deformity varies in different countries. It may be happened as Idiopathic scoliosis in Adolescent, which is also named as Adolescent Idiopathic scoliosis, or may be as a result of other diseases such as vertebral bone fracture [1, 4] . Regarding Idiopathic scoliosis, the ethology is unknown, but it may happen as a result of unilateral weakness of trunk muscles, abnormalities in trunk muscles or central nervous system or as a result of cerebral asymmetry [5, 6] . There is another type of scoliosis which is called as degenerative scoliosis. Degenerative scoliosis is the constitutional alignment of spinal column due to intervertebral disk degeneration and fracture of vertebral column. This happens mostly in the lumbar or lower thoracic spine especially in elderly subjects [7] .
Various treatment approaches have been used for this group of subjects which varies, depends on severity and age of subjects. Some kind of orthoses such as Milwaukee orthosis, Boston brace, Rosenberg, Miami, Chenue, Progressive active short brace and Maastricht orthosis have being used as the main conservative treatment for subjects with scoliosis [8] [9] [10] [11] [12] [13] [14] . Scoliosis subjects should wear these orthosis for a long period of time to decrease the incidence Abstract Scoliosis is a lateral curvature in the normally straight vertical line of the spine, and the curvature can be moderate to severe. Different treatment can be used based on severity and age of subjects, but most common treatment for this disease is using orthosis. To design orthosis types of force arrangement can be varied, from transverse loads to vertical loads or combination of them. But it is not well introduced how orthoses control scoliotic curve and how to achieve the maximum correction based on force configurations and magnitude. Therefore, it was aimed to determine the effect of various loads configurations and magnitudes on curve correction of a degenerative scoliotic subject. A scoliotic subject participated in this study. The CT-Scan of the subject was used to produce 3D model of spine. The 3D model of spine was produced by Mimics software and the finite element analysis and deformation of scoliotic curve of the spine under seven different forces and in three different conditions was determined by ABAQUS software. The Cobb angle in scoliosis curve decreased significantly by applying forces. In each condition depends on different forces, different corrections have been achieved. It can be concluded that the configurations of the force application mentioned in this study is effective to decrease the scoliosis curve. Although it is a case study, it can be used of curve progression or may be due to decrease the severity of the curve. Actually the available orthoses for scoliosis can be categorized as low profile and high profile orthoses which are prescribed based on location of scoliotic curve. Milwaukee orthosis (high profile) is one of the most commonly used orthosis for scoliotic subjects, which has an open structure and with corrective transverse pads. The other orthoses such as Boston, Rosenberger, and Miami are low profile orthoses which are used mostly for the curve with an apex below T10. In most of the above mentioned orthoses the scoliotic curve is controlled through transvers loads applied on apex and the ends of the curve [15] .
The amount of correction achieved by use of orthoses depends on the location of the curve, type of curve (single or double) and also depends on duration of orthosis use [14, 16, 17] . This can be done by applying various force configurations by orthosis. Actually these types of force arrangements varied in designs of the orthoses, including transverse loads (three points pressure in transverse plane), vertical force (distraction force applied at the ends of the scoliosis curve) and a combination of transverse and vertical forces. Actually due to the side effects of vertical oriented force, it has not been used in designs of orthoses anymore [18, 19] . There are lots of studies, which evaluated the efficiency of orthoses clinically after a period of use [8, 14, [20] [21] [22] . However, there is not enough evidence regarding the effects of using various configurations of the loads on scoliosis curve correction.
Although use of Finite Element Modeling (FEM) of spine in scoliosis returned to more than 50 years ago, various configuration of loading to correct the curve has not been studied based on a model obtained from patients with the material properties assigned specifically to the models [23] . Based on the results of a review done by Wang et al. FEM of spine in scoliosis disorder has been categorized into three main groups including: understanding the ethiology of scoliosis, curve correction based on bracing, curve correction based on surgical approach and improvement of the accuracy of FEM [23] . There are a limited number of studies on use of FEM on curve correction by use of orthosis [24] [25] [26] [27] . However, in most of them the three dimensional of the spine was produced by use of X-Ray images, which is not without errors. Now most of the 3D modeling of the joints produced based on CT-Scan and MRI of the subjects. By use of some software such as Seg3D and MIMICS, it is possible to make a 3D model of a segment based on CT scan or MRI with high level of accuracy. Moreover, it is possible to assign the various material properties, which are calculated automatically by the software. There is only one spine model, which was produced based on CT-Scan of scoliosis subject. Little and Adam used a 3D model of spine produced based on CT-Scan to study the effects of stiffness of the ligaments and disks on flexibility of spinal curve [28, 29] . Due to lack of information in this regard, this study was aimed to check the effects of various forces configurations and magnitudes on curve correction on a specific model obtained from a scoliotic subject. The main hypothesis associated with this study was that both magnitude and configuration of the forces applied on scoliotic curve influence the final correction obtained.
Method
A scoliotic subject with a curve around 15 degrees was recruited in this study. His age, weight and height were 45 years, 65 kg and 1.74 m, respectively. It should be mentioned that it was a degenerative scoliotic subject. An ethical approval was obtained from Isfahan University of Medical Sciences, Ethical committee. Moreover, the subject was asked to sign consent form before data collection.
Finite element method and modeling
The Computed Scan (CT-Scan) images of the spine of the subject have been used for 3 dimensional Finite Element modeling. The images can be described as: The 2D parallel planes from the three sagittal, coronal and axial views of the spinal cord with 512 × 512 pixel in a DICOM format.
The scans (Dicom Files) were exported to the Mimics software version 10.01 and the 3D model of the spine was obtained. The Mimics FEA Module is able to link from scanned images to Finite Element Analysis (FEA) by the means of exporting the files in the INP file format which can be used in Abaqus software. In Mimics software the geometry was subdivided into small regions (Elements) in two dimensional. The obtained spine model was exported from Mimics software to Abaqus software (INP File) in order to change the elements type from triangular to tetrahedral type (from the surface mesh to a volume mesh). A CT Scan, 3D model of the constructed spine by Mimics software and the meshed spinal cord in Abaqus have been illustrated in (Fig. 1) .
Materialization
The Finite Element Method requires specified material properties of the components. In the next stage the geometry with three dimensional elements were imported to Mimics software in order to assign the material. The software defines a number of sampling points within each element and interpolates the gray level relating to their coordinate from the original CT Scan. Gray level is proportional to apparent bone density. Young Modulus (E) calculation was done automatically by Mimics software based on equation developed by Schileo et al. and Morgan et al. [28, 29] :
In which, E was Young Modulus of elasticity and ρ was appearance bone density. The procedure used in this study to assign the material properties of disc was the same as that of the research of Wang et al. [30] . The disk annulus was considered as linear isotropic and homogeneous and also nucleus pulpous as incompressible. It should be emphasized that the disk material properties differ based on the age of subjects. It is higher in adult degenerative scoliosis compared to normal young subjects. Therefore the specific material properties for degenerated disk were used in this study.
Boundary conditions and forces
In this study to decrease the severity of the curve the combination of transverse loads (three point's pressure in transverse plane) and vertical forces (distraction force applied at the ends of scoliosis curve) has been used. Regarding different possibility of exerting forces on subject's body, two different conditions have been assumed. In the first condition, only one rib is considered to transfer the force, therefore the force has been exactly exerted to one rib. In the second condition, two ribs were considered to transfer the force. The force exerted on the whole nodes covering the rib's surface. Finally femur in both sides was selected as a fixed constraint (Fig. 2) .
In each condition different forces from 10 to 70N has been applied to demonstrate the changes in scoliosis curve E = 6850 1.4 ( Fig. 2) . It should be emphasized that the loads used in this study was based on the results of various studies based on use of strain gauges. The forces applied by orthosis on the body varied significantly amongst studies. For instance in the study done by Wong et al. the tension of the strap (thorasic) was varied between 19 and 49N, depends on spine position [31] . In another study the force of strap of Boston brace was determined to be 55 ± 18N. In contrast in the study done by Cochran and Theodore the force of the strap was 25N [31] . In the study of Mulcahy et al. this force was 38N [32] . Therefore with considering the mean values and standard deviation of the strap force the force selected in this study varied between 10 and 70N [31] .
By use of Digimizer Software, angles of the scoliosis curve (Cobb angle) were measured. Changes in the angles show the effects of loads applied by orthoses. Considering possible errors in Cobb angle measurements and due to reducing the measurement error, the calculation of the Cobb angles in the aforementioned conditions was done by three authors and the mean values were used for final comparison Fig. 3 . Actually Cobb angle is the angle between the lines drawn parallel to the upper and lower endplates of vertebras located at the upper and lower ends of scoliotic curve, respectively.
Results
The severity of scoliosis of the subject in normal condition (without applying any transverse or vertical forces) was 15 Table 1 the scoliosis curve decreased to 6.28 degree in condition 1, depends on magnitude of the applied force (the maximum correction was achieved with force equals to 70N). In condition 2 the scoliosis curve decreased from 15 to 7.668 degree. (Table 1) represents the final correction of scoliotic curve in 2 conditions under 7 different forces.
Discussion
Various conservative treatment approaches have been used for subjects with scoliosis [9-11, 14, 21] . Use of orthosis is one of the most prescript conservative treatments recommended for subject with curve between 25 and 45 degree [33] . The effects of orthosis to control the progression of scoliotic curve or to decrease it depend on severity of scoliosis, and age of subjects and the type of orthoses used [18, 33] . Actually it is not well understood how orthoses control scoliotic curve and how to achieve the maximum correction. Most of information regarding the efficiency of orthoses is based on clinical findings. It means that the amount of correction achieved was determined follow the use of orthosis for a long period of time. This study was aimed to determine the efficiency of using various forces configuration based on model achieved from scoliotic subject. Actually two conditions of force applying were used in this study included use of transverse load (three points pressure system) and vertical forces directly applied to the spine, through one rib or through two ribs. Although, this study is a case study and no statistical analysis was done, it can be concluded that the configurations of the force application mentioned here is effective to reduce the scoliotic curve. In biomechanic of orthosis, the force is transmitted to curved vertebra through soft tissue or through the ribs (condition 1 and condition 2). However, depends on severity of curve and amount of applied loads the force can be transmitted through one or through two ribs. The results of this research showed that it is possible to determine correct ability of a scoliotic curve based on 3D model (obtained from CT-Scan of the subject) before orthotic prescription. The accuracy of the output seems to be acceptable as the model produced from the CT-Scan of the subject.
It should be emphasized that scoliosis may be due to various reasons which differ from children to elderly subjects. In elderly subjects scoliosis may be due to degenerative change on intervertebral disks and facet joints or due to vertebral body fracture (as a result of bone osteoporosis). Although in most of studies juvenile scoliosis has been investigated, the idea of conservative treatment for both should be the same. The main point of treatment for scoliosis in elderly subjects which is also known as degenerative scoliosis (DS) is to control the curve progression and to correct the curve while using an orthosis. This study was done on the images of spine of an elderly subjects, however there is no reason to not broadcast the results also for scoliosis of juvenile subjects. This is a first study determined the efficiency of the various force configurations in scoliosis curve reduction based on Mimics software. Although it is a case study, it can be used for a big number of subjects to determine the efficiency of curve correction prediction before orthotic treatment.
It seems that the main limitation of this study is that it is a case study. Therefore, it is recommended to be used for big number of subjects. It should be noted that this is a case study to show the possibility of using this method to determine the correction of a sciliotic curve and then design an orthosis based on the output of Abaqus software. Therefore, this article represents the method which can be used for a big research in future. There is no doubt that the output of a big study with this method should have a clinical value to select the best configuration of forces to control a scoliosis curve and or to decrease it.
Conclusion
The results of this case study showed that the aforementioned force configuration can be used to reduce a scoliotic curve. It is possible to determine the correct ability of a curve by stimulation before orthosis prescription. It is recommended that this method can be used for big number 
